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Berberis petiolaris Wall. ex G. Don, an unexplored medicinal plant belonging to the family Berberidaceae,
is a large deciduous shrub found in Western Himalaya between 1800–3000 m. Chemical proﬁling of fruit,
leaf, root and stem was done by direct analysis in real time mass spectrometry followed by multivariate
analysis for discrimination among the plant parts. The bioactive compounds, including magnoﬂorine,
berberine, jatrorrhizine, thalifendine/berberrubine, demethyleneberberine, reticuline, 8-oxoberberine,
N-methyltetrahydroberberine, tetrahydropalmatine, tetrahydroberberine and palmatine, were identiﬁed
by their exact mass measurement and the corresponding molecular formula of each compound. A
comparative study of distribution pattern for all these bioactive alkaloids showed qualitative and
quantitative variations in different parts of B. petiolaris. Principal component analysis clearly dis-
criminated each part of B. petiolaris plant.
& 2015 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. All rights reserved. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Berberis petiolaris (B. petiolaris) is an unexplored deciduous shrub
that belongs to the family Berberidaceae found in Western Hi-
malaya between 1800–3000 m. This plant mainly contains differ-
ent classes of alkaloids [1,2], but only berberine, jatrorrhizine and
palmatine were previously identiﬁed and isolated from B. petiolaris
[3]. Decoction of root and stem of the plant is used for the treat-
ment of malarial fever, diarrhea, conjunctivitis, and jaundice [4].
Recent developments in newer ionization methods have made it
possible to obtain mass data directly from the plant parts without
any sample preparation. Among the methods, direct analysis in
real time (DART) is an ambient ionization technique requiring no
sample preparation [5,6]. It is, therefore, an appropriate technique
for the rapid chemical proﬁling of plant species [7,8]. The aim of
present work was to develop a method for identiﬁcation of bio-
logically active compounds in B. petiolaris directly from intacton and hosting by Elsevier B.V. All
University.
al Instrument Facility (SAIF),
1, India.
0522 2623405.
um@yahoo.com (B. Kumar).plant parts. Different parts of the plant such as leaf, stem, root and
fruit were screened to study comparative detection of the bioac-
tive compounds in different parts of the plant. Hence, it was
decided to proﬁle the chemical constituents using DART time-of-
ﬂight mass spectrometry (DART–TOF–MS) and to study their
variations in different plant parts of B. petiolaris.2. Materials and methods
Plant samples of B. petiolariswere collected from Pandukholi forest,
Almora Uttarakhand (India) and identiﬁed according to the ﬂora of
district Garhwal, northwest Himalaya and a forest ﬂora of Kumaon.
Herbarium specimen of B. petiolaris (KRA 24410) was housed in the
departmental herbarium, Central Drug Research Institute (Lucknow,
India). For DART–TOF–MS analysis, intact plant parts were used di-
rectly as the samples. The plant samples were thoroughly washed
with tap water and distilled water in order to remove any foreign
particles attached to their surface and kept in oven to dry at 40 °C.
The mass spectrometer was a Jeol the Accu TOF JMS-T100LC at-
mospheric pressure ionization time-of-ﬂight mass spectrometer (Jeol,
Tokyo, Japan) ﬁtted with a DART ion source. The mass spectrometer
was operated in positive-ion mode with a resolving power of 6000rights reserved. This is an open access article under the CC BY-NC-ND license
Fig. 1. Chemical structure of indentiﬁed compounds.
Fig. 2. DART mass spectra of (A) fruit, (B) leaf, (C) root and (D) stem.
Table 1
Exact mass data from the DART mass spectra of B. petiolaris (R¼root; S¼stem; F¼ fruit; L¼ leaf).
S.no. Measured mass (m/z) Calculated mass (m/z) Error (mmu) Molecular formula Remarks Peak type Plant part
1 322.10727 322.10793 0.66 C19H16NO4 Thalifendine/berberrubine [M]þ R
2 324.12547 324.12358 1.89 C19H18NO4 Demethyleneberberine [M]þ R, S
3 330.17039 330.17053 0.14 C19H24NO4 Reticuline [MþH]þ F, L
4 336.12296 336.12358 0.62 C20H18NO4 Berberine [M]þ R, S
5 338.13802 338.13923 1.21 C20H20NO4 Jatrorrhizine [M]þ R, S
6 340.15262 340.15488 2.26 C20H22NO4 Tetrahydroberberine [MþH]þ R, S
7 342.16916 342.17053 1.73 C20H24NO4 Magnoﬂorine [M]þ R, S, F
8 352.12012 352.1185 1.62 C20H18NO5 8-oxoberberine [MþH]þ R, S
9 352.15538 352.15488 0.5 C21H22NO4 Palmatine [M]þ R, S
10 354.17028 354.17053 0.25 C21H24NO4 N-methyltetrahydroberberine [M]þ R
11 356.18700 356.18618 0.82 C21H26NO4 Tetrahydropalmatine [MþH]þ R, S
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resulting in minimal fragmentation. The ring lens and oriﬁce 2 po-
tential were set to 13 and 5 V, respectively. Oriﬁce 1 was set to a
temperature of 100 °C. The RF ion guide potential was 300 V. The
DART ion source was operated with helium gas ﬂowing at approxi-
mately 4.0 L/min. The gas heater was set to 300 °C. The potential onthe discharge needle electrode of the DART source was set to 3000 V;
electrode 1 was 100 V and the grid was at 250 V. Freshly cuted pieces
of plant parts were positioned in the gap between the DART source
and mass spectrometer for measurements. Data acquisitionwas from
m/z 10 to 1050. Exact mass calibration was accomplished by in-
cluding a mass spectrum of neat polyethylene (PEG) glycol (1:1
Fig. 3. (A) PCA plot discriminating plant parts of Berberis petiolaris. (B) Score plot
discriminating plant parts of Berberis petiolaris.
Table 2
Identiﬁed peaks which discriminated plant parts of B. petiolaris.
Peaks Remarks Fruit Leaf Root Stem
174 Unknown  þ  
178 Unknown þ   
192 Unknown þ   
221 Unknown  þ  
249 Unknown  þ  
250 Unknown  þ  
263 Unknown  þ  
300 Unknown þ   
314 Unknown þ  þ þ
330 Reticuline þ þ  
338 Jatrorrhizine   þ þ
352 8-oxoberberine/palmatine   þ þ
370 Unknown þ   
609 Unknown þ   
623 Unknown þ   
624 Unknown þ   
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bration was accurate within 70.002 u. Using the Mass Centre Main
software (version 1.3.m; JEOL Japan), the elemental composition
could be determined on selected peaks. Principal component analysis
(PCA) analysis was carried out using Statistica windows version 7.0(Stat Soft Inc., USA) statistical analysis software. This software nor-
malizes observations with respect to mean and variance followed by
PCA.3. Results and discussion
The identiﬁcation from direct analysis of pharmaceutical products
without any sample preparation is an ultimate achievement in
pharmaceutical analysis for quality control and assurance of phar-
maceutical products and herbal materials. Screening of bioactive
constituents for identiﬁcation of right selection of plant/parts for
better efﬁcacy is important for quality control of herbal products.
DART–TOF–MS proﬁles or ﬁngerprints of different plant parts such as
fruit, leaf, root and stem of B. petiolariswere obtained after analysis in
the present study. All these plant parts were subjected to DART–TOF–
MS analysis under the same conditions. On the basis of literature
report [9,10] and our ﬁndings described below, some of the expected
phytochemical components in B. petiolaris are shown in Fig. 1. These
components are directly ionized from the plant part during analysis
as molecular species in the resulting spectra. For instance, the DART
mass spectra of the fruit, leaf, root and stem of B. petiolaris are given
in Fig. 2. Peaks corresponding to the molecular species of thali-
fendine/berberrubine 1 (m/z 322), demethyleneberberine 2 (m/z
324), reticuline 3 (m/z 330), berberine 4 (m/z 336), jatrorrhizine 5 (m/
z 338), tetrahydroberberine 6 (m/z 339), magnoﬂorine 7 (m/z 342),
8-oxoberberine 8 (m/z 352), palmatine 9 (m/z 352), N-methylte-
trahydroberberine 10 (m/z 354) and tetrahydropalmatine 11 (m/z
355) were observed in the DART mass spectra. Thalifendine and
berberrubine 1 have the same molecular formula and exact mass.
Therefore, they cannot be distinguished on the basis of high resolu-
tion mass spectrometry (HRMS). Measured mass, calculated mass [2]
and molecular formula [1] obtained from all the above constituents
are reported in Table 1. Reticuline 3 (m/z 330) was not detected in B.
petiolaris root or stem but detected in fruit and leaf. However, ber-
berine 4 (m/z 336) was identiﬁed only in root and stem according to
literature reports from other Berberis species [11]. Similarly, magno-
ﬂorine 7 was present in fruit, root and stem but absent in leaf. A peak
at m/z 352 [MþH]þ corresponding to 8-oxoberberine 8 and a peak
at m/z 352 [M]þ corresponding to palmatine 9 were observed in
stem and root but not in leaf or fruit. N-methyltetrahydroberberine
10 (m/z 354) was also absent in the fruit, leaf and stem of B. petiolaris
but showed signiﬁcant presence in the root. DART–TOF–MS analysis
of the fruit, leaf, root and stem of B. petiolaris showed differences in
their spectra. Maximum abundance of compounds thalifendine/ber-
berrubine 1 (m/z 322), berberine 4 (m/z 336), jatrorrhizine 5 (m/z
338) and N-methyltetrahydroberberine 10 (m/z 354) was observed in
root, whereas magnoﬂorine 7 (m/z 342) showed its maximum
abundance in fruit followed by stem. These observations conﬁrmed
that results obtained from DART–TOF–MS data were good, and it was
the instrument of choice for the screening of natural products.
In metabolic proﬁling, identiﬁcation of metabolite concentration
changes by visual inspection of data is cumbersome and almost im-
practical for large sample sizes. Therefore, it is necessary to resort to
multivariate techniques such as PCA, factor analysis, and partial least
squares, which are important and proven techniques for complex data
analysis [12]. We selected PCA for dimensionality reduction in an at-
tempt to distinguish characteristic proﬁles from the DART–TOF–MS
data. Accordingly, Fig. 3A shows the PCA plot which discriminates
plant parts of B. petiolaris and their score plot (PC1 vs. PC2) obtained is
given in Fig. 3B. It can be seen in Fig. 3A that the fruit, leaf, root and
stem of B. petiolaris show clustering of the data according to the parts.
Fig. 3A shows the distinct collection of PC scores in the biplot. The
clustering of scores clearly shows the position of each plant part with a
reasonable distance. This indicates that the ﬁrst two PCs can easily
discriminate the plant parts. Similar clustering and differentiation are
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peaks (m/z 178, 174, 192, 221, 249, 250, 263, 300, 314, 330, 338, 352,
370, 609, 623 and 624) were selected to study PCA for all the plant
parts relying on percent (%) ionization of peaks (Table 2). PCA score
plot clearly brings out relationship among all the plant parts. On the
basis of eigen values, it was observed that the whole information of
datamatrix (81.44%) has been explained by two principal components.
The contribution of PC1 was 53.45% and that of PC2 was 27.99%. Dif-
ferent parts of the same plant could be discriminated effectively by
this technique and the presence and absence of peaks (as shown in
Table 2) are complementary to PCA results. Peaks at m/z 338 and 352
were identiﬁed as markers for root and stem, while m/z 174, 221, 249,
250 and 263 for leaf andm/z 178,192, 300, 314, 330, 370, 609, 623, 624
for fruit. It is, therefore, clear that DART–TOF–MS followed by PCA is an
appropriate method for the clear differentiation of plant parts and
rapid identiﬁcation of compounds. The DART mass spectrometric
technique has been applied for the ﬁrst time for the proﬁling of al-
kaloids in B. petiolaris. Chemical proﬁling of fruit, leaf, root and stem
was done successfully. It was observed that there were signiﬁcant
differences in mass spectra obtained from the fruit, leaf, root and stem
of B. petiolaris. PCA analysis showed that DART–TOF–MS data could be
used to differentiate these alkaloids containing plant species and to
distinguish the plant parts. Peaks atm/z 338 [M]þ of jatrorrhizine,m/z
352 [MþH]þ of 8-oxoberberine andm/z 352 [M]þ of palmatine were
identiﬁed as markers for root and stem. This will help with identiﬁ-
cation and characterization of genuine parts used for drug preparation
and the effective quality control and efﬁcacy of drug candidates in
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